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rZ^He, the following is a true and correct 
rjnslation made by me of Japanese Patent 
2000-342574 filed on November 9, 2000- 
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[DOCUMENT] Specification 

[TITLE C, THE X^-X-l SEPARATOR USE, «. — CELL, — » 
MANUFACTURING THE SEPARATOR , AHO THE FUEL CELL 

5 

[CLAIMS! 

[CLAIM 1] substrate made of a first metal, 

A fuel cell separator that has a suosv 

COIttprlSing: „ a surface of the substrate, the metal 

10 a metal layer formed on a surface 

of a second metal that is different from the first 
layer being made of a secona 

metal in composition; 

a caaaactiva poecu. X«« f «— - - <* **» laySr ' 

th a poroaa L«« — u P c . Plu»H« - 

l5 particle "hich ara fualon-fcondad to aach otha r! aad 

an oxiaa e1» ««— - ° f «— ° £ * ^ T 

th . t ao not ace into ooatact wt t» tte con.uctiva particles , the 
£ll » fca.in, a cohesion xeaiatanae tnan th. «-*»*-• 

[CLAIM 2] 

z0 The fuel cell separator of Claim 1, 

wherein the oxide film is forced by oxidizing the metal layer, 
so that the oxide film is oxidized by a greater degree than a surface 
of the metal layer at an Interface between fhe conductive particles 
and the metal layer. 

25 [CLAIM 3] 

The fuel cell separator of Claim 1 or Claim 2, 

, * - material that has a higher 
wherein the metal layer rs made of a materx 
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conductivity than the substrate. 

[CLAIM 4] . 

The fuel -11 "—to. «* «* ~ °' Claim 1 ~ " 
herein the conauotive porous 1= — °* • M ^ ^ 

5 has a hi,h«r conauctivity t M the suostr.te. 
[CLAIM 5] 

The fuel cell separator of Claim 4, 

wherein rib* and channel, are formed on a. least one principal 
surface of the su^ate, an, the — e porous layer is adhered 
10 to upper surfaces of the ribs. 

[CLAIM 61 . 

* h . fuel cell separator of any one of claim 1 t» claim 5, 
serein the first -»1 is selectea from the ,roup consisting, 
of stainless steel, aluminum ana alumiaum alloy. 
15 [CLAIM 7] 

The fuel cell separator of any one of Claim 1 to Claim 6, 

* m( a+ a l is one of cr and a Cr alloy containing 
wherein the second metal is one or 

at least 20wt% of Cr. 

[CLAIM 8] 

20 The fuel cell separator of Claim 7, 

herein the Cr a lloy contains at least one element selected from 
the group consisting of Hi, Ti, Nb, Au and Pt. 
[CLAIM 9] 

call separator of any one of claim 1 to Claim a, 
wherein the conauctive porous layer is made of a metal containing 
at least one element selaotea from the 9 rou P consisting of Hi. Ti, 
Nb, Au and Pt. 



25 
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[CLAIM „ one surface of an electrolytic 

A fuel cell having an anode on one surface 

• ■ „ crface of the electrolytic film, a 
film, a cathode on a remaining surface ot 

„ 0 and a separator being opposed 
separator being opposed to the anode, and sepa 

• ^ fuel cell generates power from a fuel 
5 to the cathode, wherein the fuel cell g 

and an oxidizer when the fuel is distributed along a 

.eparator facing « *»ode and the oxidi.er is distributed along 

surface of the separator facing the cathode, 

«.*ar is any one of the fuel cell separators 
wherein the separator is any 

10 of Claims 1 to 9 • 

[CLAIM 111 separat or having a metal 

A manufacturing metnoa ior 

substrate, comprising: ' 

u of the - — — — " - OXidS ^ 

. higher c OTr osio» «si St *nc* than th. ^„t. : 

a 00 « d uc t i« lay.r f o™i M s«P *~ «— » * *°~ US c°»*™ 

bel „ g -a. h P - » P — - 

ninrality of conductive particles 
20 fusion-bonded to each other, the plurality 

having a higher conductivity than the substrate; 

an oxidising step for oxidizing expose, parts of the surfaces 
of the metal layer and the conductive particles; and 

a removing step for removing oxides from the exposed parts of 
25 the surfaces of the conductive particles. 

[CLAIM 12] 

The manufacturing method of claim 11, 
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«, layer forming step produces the metal layer 

wherein the metal layer i<-«.i 

by physical vapor deposition. 

[CLAIM 13] 

T ne manufacturing method of Claim 12, 

^rein a targe, — used for the physical vapor de PO ™ 
has a higher corrosion resistance than the substrate when it - 

oxidized . 

• [CLAIM 14] 

The manufacturing method of claim 11, 
10 ^rein the conductive layer forming step Produces the porous 

conductive layer by physical vapor deposition. 
[CLAIM 15] 

Ih e Mf .c« ti ., <* «* on. of ™ 12 to 14, 

wh e*ein t Ke p h y S i«! — - " «° i<>n Pla "" 9 ■ 

15 [CLAIM 16] 

Ih e ™n«f.c t ur ing -t»c- of any one of " « ». 

.heroin «- ^ -«P th » — * °' " "™ Pl " lM 

apparatus to r.»ove tb. =*— „y perform wit* an inert 



gas . 



[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FIELD OF THE INVENTION] 

Th is invention « — — 

25 to a teonnolo^y for in. P rovln 9 the properties of fool oell separators 
tha t operate at relatival low temperatures, inoluain, Poller 
eleotrolyte fuel oella (PEFCs) . 
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[0002] 

[DESCRIPTION OP THE RELATED ART] _ 

Th ere are ^ hypes of fuel cells, including solid o*rde 
«^ , -I can, -x- -1 cells ana peecs . Solid 

, oxide electrolyte fuel cells and molten carbonate fuel cells operate 
itaM ,n— „ £5 0.t orabove. P Er =ac.noperateatarelatlvely 
low of -0 « or below by using • »oUa polymer film made 

o£ an ion-erehange » B in as an electrolytic film- 



[0003] . „ 

aB1 , lltl . lav ered structure in which a number 
10 Generally, PEFCs have a multr layerea s 

of ceils are on. against another, «i*h a pair of conductive 

plates .hereafter referred to as a separator, interposed — ^ 
Each can has an anoaa on one surface o £ a solid polymer film ana 
, cathode on the other surface. Each conductive plate has channels 
„ for providing fuels such as hydrogen ana oridisers such as air, ana 
ribs formed bet-ween neighboring channels. 
[0004] 

In such PE.cs with a number of cell stacXs, power general 
efficiency is greatly affected by performance of the separators . In 
» general, separators are reguirea to have the following properties, 
hlg hconanctivity (lowcontactresistance, , highcorrosionresistance. 
high hyarophilicity, high mechanical strength (high rigiaity, and 
hig h fertility. Also, separators should be thin, light and 
impermeable to gas . Xo meet these retirements tc a certain extent, 
25 carbon materials have conventionally been used for PEFCs . 
[0005] 

car bon materials, however, are net suitable for the development 
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of £u el cells which are smaHer but »— • hi *» ^ ° f 
auction in the .1- of fuel cells requires reduction in th. thicKness 
of ..p-tor,, but since thinner carbon materials «* 
^nica strength an, fertility, it is ^Possible *• " °" 
, thl e k neeeofthe=arbonmateri.lslimitlessly. Xnvie-C^pronle™, 

offer superior mechanical strength ana fortuity with ^ 
thickness . 
[0006] 

However, when separators have metal substrates, there arise 
problems Of corrosion resistance an, resistance . Since petals 

in general have a low corrosion resistance, separators are easily 
corroded by water, which is present under reaction in a conventional 
fuel cell, m aaaition, a passive layer formea on the surface of » 
U metal hy oxidisation raises th. contact resistance cf the separator, 
re .*ceed one using a carhcn material . This increases a voltage arcp 
£ or such metal separator suhstantially when an electric current is 
fed, which may lead tc degradations in the performance of the fuel 



10 



cell « 



20 [0007] 

to solve this problem, Japanese I*id-Open Patent npplleation 
Ho H10-228914 discloses the following technique (hereafter referrea 
to as -first conventional technique-, . Stainless steel is employea 
as a metal for the substrate of the separator, and the snrfac. of 
„ the separator is platea with a precious metal, such as gold, platinum, 
or niofcel. that has high corrosion resistance and high conauotivity . 
Th e stainless steel for the substrate has excellent corrosion 



PAGE 17/52 ' RCVD AT 10/13/2004 5:20:33 PM [Eastern Daylight Time] ' SVR:USPT0-EFXRF-1/7 ' DNIS:8729306 * CSID:6123329081 * DURATION (mm=ss):12-26 



10/13/2004 16:23 FAX 6123329081 MERCHANT & GOULD @018/052 

and low contact resistance. 

th e pieces occur, it >™ ai«icuit to ccpieteiv 
LLte. ^ese pities - — - - — — 
acceding the corrosion of the separator. 
„ a soiatioa to thi. P-hie, ia propose* h y — ~ 

wll „UO» »o. 3000-3*^0 .herea.ter rererreo to as a .ecoa* 

conventional technique). 



[0009] 



, Fig 7 la an enlaced cross-sectional view of the fuel cell 
„- 1-0 tne second conventional technique. As shown 
13 separator according to the second c 

aereia, the £ „el =e31 separator has .^-U^ — 

a oorrosioa resisteat iaver 3=00 aao a ooa.act.ve la y er 3,00 are ta~* 

a a the surface o, a staled steel euhstrate 3300. A ccoraia 3 to this 

l eoani q ue,eaoalaveraa si tso„a f u„ot l oa.wh i o h =oatr i outa S toraiar Dg 

20 corros ion resistance aao 3ov,erin g ooataot — o f the separator . 

[0010] 

[THE PROBLEMS THE INVENTION IS GOING TO SOLVE] 

However, the second conventional technique has a prohler* that 

distant layer 3200 provided on the stainless substrate 
the corrosion resistant layer j^u f 

*i<xh electrical resistance, though it has an excellent 
25 3100 sliows a high eiecuj-^* 

. . - v,-, , r electrical resisting 
with such highly eiecti^^ 
corrosion resistance. Wirn 

cmMl „ resistant layer 3,00 iaterpose* hetveen the sahstrate 3300 
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Md the conductive 3300 . even the — ^ 

32 00is th in.^.X a c tr i« 1 - iSt »»c e o £tte «P»«- i n^^x O n 

of the thickness will end up being high. 



[0011] 



» view of the above problem the P~sent invention intends 

t o Provide fuel cell — ™ ^ ^ 

-Fn^l cell separators, ana 
„ lg h conductivity, fuel cells usrn, such fuel 

. method for manufacturing . separator fox fuel cells. 
100121 

10 [MEANS TO SOLVE THE PROBLEMS] 

! „n qpnarator according 
T o solve the above problems. * fuel cell separa 

, fuel cell separator that has a 
to the present invention provides a fuel eel P 

strata made of a first metal, comprising a metal layer formed 
on a surface of the substrate, the metal layer bein, made of a second 
a m et.lthatisdifferentfromtheflrstmetalincomposition ; .conduct- 
porous layer bein, made up of a plurality of conductive partrcles 
„ hi ch are fusion-bonded to each other, and a. oxide film formed on 

* n i that do not come into contact 

parts of the surface of the metal layer that ao 

t he oxide film having a higher corrosion 
20 with the conductive particles . the oxide r 

resistance than the substrate. 



[00131 



With the stated construction, the separator can, firstly, acquire 
. „ide ran 9 e of properties, including strength and conductivity, as 
25 the metal used for the substrate in different from the metal used 
for the metal layer, what properties the separator assumes is based 
ontheHindof metal usedforthesubstrateandthemetal layer. Secondly 

10 
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► „,- f „ the direction of the thickness 
the conductivity of the separator in the arre 

13 proved, as, unlixe the separator of the second conventional 
technic, the metal layer is provided in direct contact with the 
condnctivepartlcXeswithoutan y hi g hi y eiectric.ire S isti„ g corro S1 on 

5 resistance Xa y er interposed therebetween. Thirdly, the separator has 
low contact resistance as well as water holding capacity to hold water 
1D spaces ^, these condnctive particles . This is hecanse the porons 
conductive layer is made up of conductive particles which are 
£usi on-bondedtoeuchother. finally, theseparator has a 
,„ resistance, since the parts of the surface of the .eta! layer that 
ere not covered with the conductive particles are coated with an cade 
£11 „ whose corrosion resistance is higher than the suhstr.te Prom 
the .hove, the separator of the present invention can offer hrgh 
corrosion resistance, low contact resistence, and high conductivity. 
15 [0014 J 

Por offering high corrosion resistance and high conducts. 
lt is preferable that the oxide film is forced by oxidising the metal 
la yer. so that the oxide film is oxidised by a greater degree than 
e surface of the .etal layer at an interface between the conductive 

20 particles and the metal layer. 

*lso. tbe conductivity of the separator can be heighten by maxing 
the metal layer fro. a material that has a higher conductivity than 
the substrate or .axing the conductive porous layer fro. a material 
that has a higher conductivity than the substrate. 

25 [0015) 

m the case where ribs and channels are formed on the separator, 
for lowering the contact resistance, it is preferable that the 

1) 
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conductive porous layer i- adhered to at least «PP- - 

ribs. . „ . 

Also, the first metal may be seated fro, the .roup consrstrng 

of stainless steel, aluminum and aluminum alloy. 

^ tr anri a Cx alloy containing at 
5 The second metal may be one of Cr and a Cr ax 

.east 20wt % of cr. ™- t*e Cr alloy contains at least one 

element selected fro, the consisting of .i, .1, ^ - -d Pt, 

the conductivity of the separator can become higher. 
[0016] 

Tbe conductive porous layer may be made of a metal contarnrng 
« least one element selected from the group consisting of Hi. ~. 

Nb, Au and Pt. . 

A manuiacturing method for a fuel eel! separator according to 
the present invention i. a manuf acturingmethod for a fuel cell separator 
M having a metal substrate, comprising a metal layer forming step for 
forming a metal layer on a surface of the substrate, the metal layer 
serving as an oxide film chat has a higher corrosion resistance than 
the substrate, a conductive layer forming step for forming a porous 
ccnductlve layer on a surface of the metal layer, the porous conductive 
20 layer being made up of a plurality of conductive particles which are 
f „sio=-bonded to each other, the plurality of conductive particles 
having a higher conductivity rhan the substrate; an oxidising step 
for oxidising exposed parts of the surfaces of the metal iayer and 
t he conductive particles; and a removing step for removing oxides 

„ „„rts of the surfaces of the conductive particles. 
25 from the exposed parts or rne sui<- 

[0017] 

R separatormanufacrureaaccordingtothism.thodhas a lowcontact 



12 
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* 1 laver is provided in direct contact with 
distance, since it, ~t-l -yer cotlduc tivit y an, 

conductive parties. vering the exposed 

Qigtance , because the oxide layer covering the e P 
hig h corros.cn resistance corrosi on resistance 

p^ts of the surface of the metal layer has a higher 

5 than the substrate. j_ 

•h-*™ has a higher corrosion resistant 
vapor deposition has a h g oxidi zed metal layer 

• ^ • the oxide film formed by tne o*-j- 

10 when it is oxidi^d, the corros ion 
has even higher corrosion resistance, and 
resistance of the separator. 



[0018] 



n * stec may produce the porous 

■m laver forming step f 

15 O o»auo t iv. W« W Phvsic.l vapor 

lay e* can be — - up - — " - rtlClM 

vw» efficiently formed in a shorter 
V(= laver can be etucieu^ 
tne porous conductive i&¥ 

20 period. ± plating 

«. raving step _y incite the usage cf .» 

ratus ena bl e 9 U- — » — OTldS 

a „d selectively remove the oxia 
by performing bombardment with an inert gas. 

25 [0019] 

[ EMBODIMENTS OP ^ I*" _ ^ & 

The following describes a fuel cell sepa 
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w l t h reference to the attached drawing 
«, «U ^ctur, of Po^ex Blectrolyte ruel Cel. 

, th e ^er electrolyte -el -U. — - ' — 

[00201 • et - e of a cell 20 , an anode-side 

, «i 1 unit 10 consists ot a ceii * r 
A s shown herein , a cell unit ± 

■„ ^oara tor 40 that sandwich the cell 
separator 30 and a cathode-side separator 



20 

10 



• of a solid polymer film 21, an anode 22 

to ;: til ^ - « - — - fi1 - Mae v 

ealn The anode 2, and the cathode 23 are electrodes 
— — ^ * _ she=t , „ a ooat , in carriers that support 

15 molded into the shape of a sheet, 

a precious metal catalyst. 

l0021 L anode-side 30 has 1— «~ — — " 

30 . and anode-side rlhs ^ on a „aln surface ^ - ^ »' 

„„ has alternating cathode-side channels 

- TTl L a ll. facin, the cathode 

40a and cathode-side ribs 40b, 

tlonal view of the anode-side separator 30 taken 
Fig . 2 is a sectional view oi 

i ™* since the cathode- side 

■-•'•-""•■•7rrrr. ...» .. - 
■ rr:.r,:r.:i— _—— 

a j , orta rator 30 as an example- 
takes the anode-side separator 

14 
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[0022] 



!5 *to 2 a „i„ te r roa ai.tel a yer3 2 andacot 1 au«iv e 

„ ribs 30b. The intermediate layer 

5 an0de ' S " e forBied wit , a substantially ^ thickness across 
layer 3 3 are formed with uppe r surfaces 

surface 34 of the anode-side channels 30a and PP 
the inner surface 34 mnrove water retentivity 

35 of the anode-side ribs 30b. — 

and hydroxy and reduce contact "^' J"^^ 
rjLbs 30b are pressed against the anode 22. 

' a f uel cel i that i. e q .iPPed with such a cell unit 
When driving a fuel anoae - sld e channels 30a 

, i aa S is distributed through the anode 
10, a fuel gas is a v flnna i s 40a, as shown 

• • . distributed through the cathode-side channels 
,5 and air is distribute bec0m es 
, As a result, the hydrogen atoms m the fuel g 
in Fig- I- * the solid high 

,« 9 H + +2e >, and the protons migrate tnr 
protons (H 2 ->2H ) ^ f rom 

' . lffl91 towards the cathode 23 . at. UILC 

the g as on the o.thooe S1 »e *eac« . 

^ fiiffl 21, to produce water {zn +J-/^ 2 

20 theaoi 7;::i:i:ii^-'--^ 

As a result of tnis wic 

^<-hode-side channels 40a get wet 

with the resulting water and wltn n 
for the fuel gas. 
25 [0024] 

(2) S «uct«e of Sep—, Surf.ce ^ 
Fig . 3 is .» enla^a section.! view show,., th. 



15 



PAGE 24fi2 * RCVD AT 10/13/2004 5:20:33 PM (Eastern Daylight Timel * SVRiUSPTO-EFXRF-1/7 * DNIS:8729306 * CSID:61 23329081 * DURATION (mm-ss):12-26 



10/13/2004 16:25 FAX 6123329081 MERCHANT & 80ULD 13025/052 



as shown herein, the anoae 

, late laye x 32 and the conductive layer 33 . 
^ i. + ~ ^ the intermediate J_ayei ^ 
substrate 31, the ^ gubstrate 

laver 32 is formed on the sun* 
5 The intermediate layer „ 0 are laid randomly 

^ 22 and conductive particles 330 are 

31 *- ing tJlG aD ° de 22 ' _ htQhly porous conductive 

^*t- P laver 32 to form the highly por 
on the intermediate layer * articles 330 

33 The intermediate layer 32 and the conductive particle 
layer 33. The inxe uai0 n-bonded 

„**d and the conductive particles 330 are tus 
are fusion-bonded, coQducti ve particles 

10 vit h each other. Having such a construction , 

330 are not easily peeled off- 



[0025] 



suoh as «. ,0, ,tainl. S n — - - " Z ' 

15 ^^t- — - - — - tie r- - 

-in ^nqists of a metal xayex 
The intermediate layer 32 consists or 

oxide layer 322. ^ rialthat has a higher corrosion 

-Themetal layer 321ismadeof a material that h 

• t nc e than the substrate 31 when it is c-101— ■ «» 

reSlSU C 0 the surface of the substrate 31 faoing the anode 

™ is formed on trxe suj.iau 

„ film « 1. preferable that the n,etal layer »» 
in the form of a fxim. ^ ±» f 

r. :i „, . ... ... r;r r;r.:;:::r™ 

3 ' „ is also preferable that the metal 

conductivity of the separator. P 

„ layer sal contains no less than of cr an. « — 

in ini» 9 a material „hose conductivity is hi,her than that of the 
riate 3i <e. 9 . at least one .etal element selected fro, the 3 ro»P 
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n * to further improve conductivity 

* w-i Ti Nb, au and vx.) , LU 1Ui 
consisting of Ni, Ti, nd, 

of the separator. 

ed parts of the — of the —1 !«- »»' ^ 
The exposed parts uj. ^ 

iU p ^ fns Lon- bonded, are 

^30 are not. lusiu^ 

.hpre the conductive particles 
5 parts where ^ formed by oxidation. 

coated with an oxide layer corroS ion 

■ t e than the substra.e 31, such as chromio oxide. The exposed 

^ conductlve parti cles 

parts of the metal layer 321, the pare 

„ „ d are covered with this oxide layer 322. 
10 330 are fusion-bonded, are cove 

100271 *. -i ™=, i av er to prevent oxygen 

tin, ^ the —1 321 " d ^ SUb3 "" te 

from permeate throng ^ ^ 

hloc* the — " thB ^eltherbyoxidizing 

. cooperation. T he oxid eiayerS » ~ - — » J _ 

„ ,,, or M laminating a second metal oxrde t 

the metal layer 321 preferable that 

an excellent corrosion resistance, to prevent. 

I • layer »> completely covers the exposed part, of the surf 
the oxide layer ffu .ion, but this does 

. , i.v.r 321 to prevent oxygen diffusion, 
of the metal layer 321 P cove red even 

20 not always have to he so. When the exposed parts ar 

tlallv the progress of oxidation oan be prevented at 
partially, P . ^ ^ of the 

the covered portions. Th.is 



separator 
10028] 

25 



i 33 is composed of the conductive particles 

Tne conductive layer 33 ,s co P 

330 which are fusion-bonded with each other and 
3 30 wnicn pores are formed 

32 1. The conductive layer is highly porous and 

17 
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v^ld in between the pores. 

Havingh r:;r;;r: — — » - * — — 

In a n aS ^e ^ ^ ^ ^ This changes 

5 ribs 30. ,i ff . 2) P make the anode 2 2 

the form of the fl-^Xe sheet 
ffior e closely f i«- ^ -e — tive lay- 33, 
resistance of the separator. 

100291 ^ * * transition metal. 

n;irHcles 330 are made of a transitu 
The conductive particles 
10 t »i has a higher conductivity 

* a v,i„ that the transition metal has a nig 
It is preferable that th Those materials 

v, c i-rate31toreducethecontactre S xstance. 
than the substrate ^ * w 

i^de INCOLOY* 300 <a « - — «~ ^ ^ o the 

„- mo steel <64%Ki-30%MQ) . "hen the 

increases, its eiectrx „ =4T ,-i«a C r will 

contact — ce. - use of amorphous — 

«~ - — — — —■ - 13 rrr 

i.= 350 in the solid form are made °f an 
» that the conductive partrcles Ingeo eral, 
a morphousmetalcontainin 9 Cr, rather th.nacr y stalmetal . . ^ 

rph ous metals do not have asymmetrical structure, soch as <,rarn 
amorphous niewia This 
ooundar, and di.ioc.tion, which are found in a crystal phaae. 
luces a risK of havin, iocal Che— Potential difference. The 
25 1 of anch amorphous — X therefore „ill improve the corroaion 
resistance of the conductive particles 330. 
[0030] 
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• -, ^0 are fusion-bonded directly to 
The se conductive particles 330 are fa 

poin ts Pi, an interface where ~ conductive particle* ~ ~ 
lay er 321. oue to the a^e of an oxide ^ at points Pi 

is kept at low in the direction of the 
distance of the separator is *e P t 
, thickness Xf there was an oxide layer having a high 
5 th ^* neSS • elec trical pathway between the conducive 

resistance interposed in an eiecT.no ^ 

«. the electric resistance of the separator, 
iaver and the substrate, the electric 

f el C ell would increase in the direction of the 
when driving a fuel cell, wo & 

This would result in an increased voltage 
thickness. This worn 

,o ™t is passe ^ ^..^^^^^---trt. 

cell. However, the separator n» 

• ting oxide layer in the electric pathway, an, therefore offers 
resisting oxide oroduced by the second conventional 

greater conductivity than one produced by 

. . „ has , corrosion resistant layer, 
technique which has a coi^ 



15 [0031) 



^rts of the metal layer 321 
As explained above, the exposed parts 

. j _ laver 322. such coverage 
are covert -l«h tb. f «--"!- ««* 

5UP ^ M the process o £ - «- — 32i. 

tereal c. the corrosion resistance of the seP.ra.or. 
„ e i V ee the presence or or yg es an, water onrin, the oe 

OP ^, «. — — - - — — ~ id ::;: gre r r 

, that osss, ho—, the extent o £ the option is stiii ,reat 

pi of the metal layer 321, an 
on the oxide layer 322 than at point Pi 

, M „ n meet the metal layer 
interface where the conductive particles 

.as the oxidation progress more slowly at point Pi 
25 3 21. m other words, the oxia t> 

..v,^ « Q int PI is covered by the 
laver 322, since the poimi fx 
than on the oxrfle iayer ^ 

oxiaa iayar 322 and the conductive particles 



19 

PAGE 28/52 » RCVD AT 10113/2004 5:20:33 PM (Eastern Daylight Time] * SVR:USPT0-EFXRF-1/7* DNIS:8729306 * CSID:6123329081 * DURATION (mm-ss):12-26 



10/13/2004 16:26 FAX 6123329081 MERCHANT & GOULD @029/052 



a to o*y 9 en The metal W« ™ 1= before less liKely to 
exposed to oxygen. This gives 

■ . n oxide which has a higher electric resistance . 9 
turn into an oxide wm<- resistance in 

,or of the present invention low electee resist 
the separator of the p resist ance and high 

„ of tne thickness, low contact resist 
the direction ot tne 

5 corrosion resistance. 



[0032) 



' 1 ■ , aver 33 is composed of the conductive particles 

The conductive layer 33 is p 

that the conductive layer a 
,re fusion-bonded, meaning that tne 
330, which are fius caDacLt y This ensures the 

~a Has a water holding capacity- 

, — - <•••-- 

■,,,, a suffi=ientwaterhoiain g capaclty. 
M ,taH-^f"i- a " Bn * , " f "" ., lon „ te lt u 

.„ • . oroductlon efficiency and film deposrtron rate, 
C ° n " derln9 ' I, the c o»ductlve layer - - — «~ 
, „« to 30um. Further, the conductive layer 

1 - the surface of the substrate 31 f aein, the anode 

formed entirely on the ^ 
22 But this does not have to be so, because e 

yer 33 covers only the surfaces of the anode-side rrbs 30b the 
layer ^ ^ Given the excellent 

20 ocntact resistance of the anode can be reduced. 

resistance of amorphous metals, rt. is 
conductivity and corrosion resrsta 

preferable that ail parts of the conductive parties 330 

i- m =,i-+-^r if only some parts 01 
+.=.1 Hut it does not matter 11 * 
of an amorphous metal. But it 

^ cnrface of the conductive layer 
the conductive layer 33, such as the surface 

when the conductive layer 33 has 
25 33 , are made of an amorphous metal - When th 

- ■ nna iiv superior, the amorphous metals can still 
a part that is functionally superi 

work effectively- 

20 
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[0033] 

(3) H^acturin, Method for -el Cell Separator 

-v^ how to manufacture the anode-side 
The following describes how to 

spnarator 30, with reference to Fig. 4. 

separator from the side-, showing 

Fias 4 are enlarged sectional views , 

r:;it, «~ < ... - - - «- steps in 

ascending order. 
[0034] 

,0 CD Metal Layer Forming Step ^ ^ 

Firstly, an arc ion plating apparatus bombards 
h hlate 31 with an inert gas, - as - gas, at a .redetermined 
the substrate 31 „„„„ the surf see are blown 

bi s S voltage, m the eollision, contaminants en the surf 

off to clean the surface. 

15 [0035] tnarte of Cr is 

■ dfal the metal layer 321 made 

Then, as shown in Fig. 4(a), 

. f _ eu the ulesnee sur.ee of the suhstrete 3, b y ph.ieal 

' anni-t^rina, plasma spray 

•^on such a, vacuum evaporation, sputtering, P 

deposition, such ,. ftn 

, • on plating By using such physical vapor deposition 
coating and arc ion plating- y 
» „. acting conditions, it is Possible to ^ • — >«• » 

s — — * — — ° f - ° f SqUare ° T e 

• „ elating ess few, films St s higher rate, » 
Above sll, the sre ion platmg ean 

the use of the are ion plating -ill *«. the cr .eta! la y er 
s short period of time at a predetermine* bias voltage. 

25 [0036] 

© conductive Layar Forming Step _ 

n lo^r- 321, as shown in Fig. 
A fter the formation of the metal layer 321, 

21 
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^ a 130 are fusion -bonded to the metal 
4 ( b), the conductive particles 330 are 

„ laver 33, though not completely, 

layer 321 to form the conductive layer 

layer .. i pre f e rable to 

ror the formation of the conductive layer 33, it pr 

„ .ition By ion-plating a target substance, 
use physical vapor deposition. By 

' „. asQ is cr , by ro eans of the arc ion plating apparatus, 

5 which in this case is Cr, oy 

the OTte Uv. ^ 33 =*» >e „ » S -r« r pe»=a. 

[0037] 

® oxidizing Step x 
v, « in via 4fc), the exposed surfaces y 
Then, as shown in Fig. 
5 321 ou the anode-side separator 30, on which the conducive 

^ oxide layer 

^articles 330 are fusion -bonded, are 

P " th earcionplatinga P paratu S performsbombardxng 
322. in this process, the arc ion P 

while applying a predetermined bias voltage. But 
with oxygen gas, while appiyr eS of 

i*ver 331 on the exposed surfaces 
this process forms the oxide layer 

15 the conductive particles 330 as well. 
, [0038] 

® Removing step . 
applied * 

t0039 L a «- -Va, 33, - — - — — 

25 of «e a-*-*- ^c lB 330 ..lie «. «i~ «T- »» 

I « « on . t- — «- - * ; -J 

^,4 are not adhered, 

cf th. surf.ce „>>e r e the cod.ctiva ^UW 
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, nFi* 4(«. The selective removal of the oxide layer 33! 
a3 8to » m «» noleoa les attae* ^ 

is achieved probably because the inert gas l 

exposed areae or the conductive particles, which is the o*ide ay 

s heo.uae the plicated arrangement o £ the conductive partrcle 3 
ind the cride layer 3- help *eep Che molecules o< the bearded 
gM (R r, from arrivin, at the oxide layer 322. 

[0040] 

® conductive Layer Screening Step 

aein, the same technie.ee as in the prevrous St . 
^itional conductive particles 330 are laid on top of the e,is n 
eeeductive particles 330, us sho„e in to form the ~n duct ve 

liy er 33. .hie is dene b y the method that ia need in the step 

-.^^ all of the oxides ought 
^ «^,» 1 avpr Though almost ali 
forming the conductive layer, tu 

„ „ be removed from the surfaces of the conductive partrcles 330 by 
rhe step for removing orides, a little residue remain there in some 
eeses. B y addin, conductive particles in la y ers. however it rs 

o «n increase in contact resistance caused by the 
possible to suppress an increase in 

-f residue of the oxide 

^ of the oxide. Which is to say, if the residue 
presence of tne oxj.^<= 

20 layer 331 remain on the surfaces of the conductive parties 3 0 i 
.Licated cell unit, there mi g ht be an increase in contact resrstance 

+ nr 30 However, by piling of the conductive 
for the anode- side separator 30. However, 

, i QC , to a i n the conductive 
particles 300 , parts of the conductive particles 330 

■ contact with the anode in a fabricated separator 
layer 33 which come into contact wirn u 

^ zed The anode-side separator 30 has no highly electric 
25 remain unoxidi zed- Tneanou« 

• de layer in the contact area with the anode . This Iceeps 
resisting oxide layer in 

a contact resistance of the separator at low. 
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[0041] 



•-u, «- manufacture - =epa " t0 l 1 

is profile to for. the 33 first by 

conductive 330 to the surface of the -~ - - " 

„ by press mouldin,. — a— ~ — «" —7 ^ 

. f thm anode-side channels 30a — anode-side ribs 30b on 
>0 formation of the anod „ „ £ollowed by the formation of the 

the surface of the substrata 31. followed y 

conductive layer 33. 
10042) 

(2) Testing ^ . „ 

Ih e following describes the outcome of a performance — 
te3t . Actual example separator, .ere made to evaluate the performance 
o£ the fuel cell separator related to the present Invention . The actus 
camples were flat plate separators -1th the measurements of 
5 Oitimx 4 Oimtix 2itiro • 
20 [0043] 

(Actual Example 1) , , 

, i has a substrate which is a flat plate made of 
Actual example 1 has a sudsu* 

, * metal layer made of Cr, and a conductive layer made 
SUS316 steel, a metal layer ma 



25 



of INCOLO** 800- 

Pirstly, contaminants on the substrate were removed by metal 
bom bardment cat a bias volta g e of -*00v*l,0s , usin g the arc ion platin, 



apparatus . 

24 
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(0044J 



Aft er the .o^en, an intermediate — « — f ^ 
cr b y arc ion plating |.t a M~ -U. of -30V* 2 BB0s> . 

. , at a bias voltage of -600Vxl20s) . Then, 
5 removed by Ar bombardment (at a b,as TNCOLO y R 800 

* «h ^Kouah incompletely, from INCOLOY sou 
a conductive layer was formed, though xn 

n i-w fat a bias voltage of -30V*600 S ) . 
by arc ion plating (at a ox* 



10045] 



10 

ex 



be tt9 ea for * <« • — — ° f - 100W60S> ' " °" o t 

d surfaces of the intermediate layer a„a th. surf.ee. of 
^osed o=ess nlso prodttOM an OTid e layer on 

conductive particles. i-nis t^"-- 

. ■ icles To remove this byproduct , 

the surfaces of the conductive particles . 

Ar ga s .as put in to performing A r bo^nt (at a bias voltage 
15 of -600V*60s) . 



[0046] 



20 



j - T *jrr>T.OY* 800 were stacked 
Finally, conauctive particles »aae of IM C0L0y 

on e another -.to, of t„e -latin, conductive part e e. 

ie „ . preaetermlnea h ei gh t <at a Mas volta g e of 

In «. formed se P a»to r . aa intercalate layer -as formea oa 
the eona.etivelayer,»„at h eco»auotl V elayer»a S for n eaoat,esur f ace 

of a substrate. 



[0047] 



25 



(Actual Example 2) 

sct ual example 1, except for a aiffereace in composition o tne 
ooaauctive layer. - tar.et stance usea for a conductive layer 
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, o e ni -Mo steel ( 64%Ni ■ 30%Mo ) . The conductive 
of the actual example 2 was Ha. -MO steel K 

laye r was formed by arc ion Plating (a, a »ias voU.,. o, -.OvOOOs 
for forming the conductive layer in the first haXf , and nt a bias 

■ i • _ „_ additional conductive particles) . 
voltage of -20V*900s for piling up addition 

5 [00481 

[Comparison Example 1] 

This separator for evaluation used a fiat plate made of SuSSIS 
!tMlisa6 *«««. Both surfaces of the flat pane! were oxidized. 

[Comparison Example 2) sos3 i6 
This separator for evaluation used a fiat plate made of s 0S3 iS 
s teel as a sun—re. Both surfaces of the flat pane! ware oxidized 
and plated with Ni. 
[0049] 

[Comparison Example 3] fi 
This separator for evaluation used a flat plate made of .-.I. 

5tee l as a su^txate. 

and plated with Hi and Au, in this order. 

[Comparison Example 4] 

T bi, separator for evaluation used a flat plate made of SUS316 
» s teel as a substrate. Tne intermediate layer was forced only from 
„ oxide . The target substance for tne conductive layer was 
steel (64* Ni-30% Mo) . 
[0050] 

Pirstly, arc ion plating apparatus performs metal bombardment 
23 to remove contaminants from the suriace of tne substrate Cat a bias 
.oltage of -600V*l 2 0s> . Then, arc ion plating using a cr target 
stance was performed while oxygen gas was being put in . The result 
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vas an inflate layer that was — »f »«- ™ 

a bias voltage ol -30V* 2000s). 

10051 L remove the contaminants «h. surface of the Intermediate 

, layer, « bombardment was performed » the substrate at a Mas voltage 
of - 6 OOV«120s,thesu 6 s«a t eo„ wh ioh th si nt . r meeiatelave r wasfo rI »aa. 

The0 , a conductive layer was for.ec fro. Si -Mo steel by arc ion ^ 
„ t a bias voltage of - 2 0V«X 2 00s, , while Ar gas was being introduce*. 

[0052] 

Th e separator obtained bv this process has an intermediate layer 
made only from oxide chrome. 

X. this test, contact resistance of the actnal examples 1 and 
2 and the comparison examples 1 to 4 -ere measnred for evalnation . 
15 [0053] 

. Fig . , shows the way of measuring the contact resistance 
each actual and comparison examples. 

AS shown herein, an evaluation example 51. which represents the 
actual exampxes X and , and comparison examples 1 to , , was sandwiched 

manufactured by TO^ industries inc. , in-between. The surfaces of 

-late* 53 were plated with gold, and the carbon papers 
the copper plates sj wej.« 

52 were of a predetermined size. 

l0054 l resistance value A of the separator 51 was measured by a commonly 
u sed alternate current four terminals method, when a clampin, pressure 
was set at 30 . 5926*lO-5Pa ( 30K g f/cm 2 ) . ~ two copper plates 53 were 
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b „ «. » -ppe, P l~~ 53 , .a* a resist valua - « — — 

uslng « a lt ~ ^ £ ou, t— .1. — — • *~ 

prec3ur e „ ~t at U>. 3..= - «- ~ 

5 valua B an d a «*al — « «>~ C ^ 

^» surface of the separator 51 and 
A, contact resistance between the surface 

wt-.ined Here, the total bulk resistance value 
the carbon paper was obtained, Here, t 

- m of resist ance values of those of the separator 
C refers to the sum of resistant 

^ ^ The results are given in 

51, carbon paper 52 and copper plates 53. 

10 Table 1. 
[0055] 
[TABLE 1] 

Intermediate 



Base 
Material 



Actual 
Example 1 



SUS316 



Actual 
Example 2 



Comparison 
Example 1 



Comparison 
Example 2 



SUS316 



Layer 



Highly 
Conductive 

Layer 



Contact 
Resistance 

(mO - cm 2 ) 



cr and cr 
Oxide 



INCOLOY u B0ir 



Cr and 
Oxide 



Cr 



SUS316 



SUS316 



comparison 
Example 3 



Comparison 
Example 4 



SUS316 



SUS316" 



Cr Oxide 



Ni/Mo 



Ni- Plated 



Ni- and 
au- Plated 



30 



Ni/Mo 



25 
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Pro. *able 1. it can be seen that the -«ct resistances of tne actual 

eMples X ana 2 are nuch lower than those of tne comparison exa-ples 

, „ or slightly higher than those of the comparison 
1 anfl 4, but equal to or sliantry v 

5 espies, ana 3 whose surfaces are platea with „i. 

is not so lar 9 e as to cause a prob!.* for fuel oell applications. 



[0O56] 



[Test 2] 

,n this test, the actual espies 1 ana 2 ana comparison samples 
10 ! „ 4 were aopea in icn-e X ch.n g e w.ter to see changes in tbeir ion 
conaectivity which is oausea hy Ion aif fusion . *be e«ent of corrosion 
wss evaluatea for each separator hasea on observation u„aer the 

microscope, . 

Prior tothete S t ( ion-e^gevaterwasp^e, (150ml, -x^aX 

15 ion conductivity was lUS/cm) - • — ^ — PTFE C ° ating - 

T he separators were PU, in the ion-exchange — S o that 

i ™ f h- lenath They had been doped in the ion-exchange 
half in water along the lengtn. a."<=* 

water at for 3000 nours. after which ion oonauctivity of the 

i„han,e water was measurea nsin g an ion oonauctivity neter <Moael 
20 SC82 manufactured by YOKOGAWA) . 
[0057] 

AS ablan,, ion-exchangewate^as P ut in the same t Y peof container 
a nd Its ion conductivity was measured after 3000 hour, at a temperature 
of 80t:. The results are given in Table 2, 
25 [0058J 

[TABLE 2] 
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Actual Sample 1 



Actual Sample 2 



Comparison 
sample 1 



Comparison 
Sample 2 



Base 

Material 



SUS316 



SUS316 



intermediate 
Layer 



Grander Oxide 



Highly 
Conductive 

Layer 



INCOLOY k 8 0U 



Cr and Cr oxide 



SUS316 



SUS316 



Comparison 
Sample 3 



Comparison 
Sample 4 



SUS316 



Observation 
Under 

Microscope 



no External 
Change 



Ion 

Conductance 



Ni/Mo 



No External 
Change 



No External 
Change 



SUS316 



Ni-Plated 



Ni- and 
Au- Plated 



cr Oxide 




Ni/Mo 



10 



20 



Corrosion 



Corrosion 



No External 
Change 



10 



F ro„, Table 2 , it can be seen under the Horoscope tbat the pinhole, 
5 „ere corroded in tbeoomparison sables 2. nd 3. 

is formed thron 9 h plating, it is inevitable that these pinholes oocur, 

and the pinholes suffer corrosion. 

[0059] 

A1 though the external change of tba comparison sample 1 was not 

^ increase in ion conductivity to 20uS/cm, it is 
10 observed, given the increase in *u 

30 
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, , K,,-iii- ud in the comparison sample 

assumed that corrosion had been built up in 



1. 



Since tha external change of the comparison sample 4 was not 
Observed and its ion conductivity remained high, it is assumed that 
5 the comparison sampie 4 was free from corrosion . On the other hand, 
the comparison sampie 4 shows a iow contact resistance as demonstrated 

in test 1. 
[0060] 

By contrast, it seems that the actual examples 1 and 2 in this 
,0 enO.odiraent were not undermined by corrosion. There was no change in 
their external appearance , and their ion conductivity are almost equal 
to that of the blank (7uS/cm) . 

judging from the outcomes of tests 1 and 2, it is assumed that 
the actual examples 1 and 2 have both high conductivity and corrosion 
15 resistance . They showed such high conductivity because the conductive 
layers and metal layers with excellent conductivity were bonded 
together without any oxide layers in between. The actual examples 
! and 2 showed such high corrosion resistance, probably because the 
exposed parts of the surfaces of the metal layers were coated with 
20 oxide layers having high corrosion resistance. This means that fuel 
cells using the separators of the above embodiments will have so high 
conductivity and high corrosion resistance, that they will suffer 
less voltage loss, and at the same time, continuously provide stable 
supply of electric voltage. 
15 [0061] 

in the above description about the cell unit 10, the channels 
30a of the anode-side separator 22 and channels 40. of the cathode-side 
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swanto r 23 » e » forced on one of the surfaces of the substrates, 
as shown in Pi*. 1. However, the conductive layer and the channels 
_ be formed on both surfaces of the separator 2* that has a wave-form 
sectional view, as shown in Pi,. 6. by using such a bipoiar plate, 

5 the number of elements of , separator in a fabricated fuel cell can 
be reduced in which the cell units are stacked one against another. 
This is also effective in reducing the thickness of the separator. 
The separator 24 can be obtained by forming conductive layers on both 
snrfaces of a thin flat substrate and pressing the substrate into 

10 a wave form, 
[0062] 

Although the above embodiment describes the use of the separator 
of the present invention only for a polymer electrolyte fuel cell, 
the separator is applicable for any types of fuel cells that operate 

„ at temperatures as low as 50015 or below. These fuel cells include 
direct methanol fuel cells and phosphate feel cells. Osed in such 
fuel cells, the separator of the present invention can offer high 
corrosion resistance and conductivity (low contact resistance) . This 
enables the fuel cells to suffer less electric voltage loss and operate 

20 longer and stably. 
[0063] 

[EFFECTS OF THE INVENTION] 

A s described above, a fuel cell separator according to the present 
invention is a fuel cell separator that has a substrate made of a 
23 first metal, comprising: a metal layer formed on a surface of the 
substrate, themetal layer beingmede of a secondmetal that is different 
f rom the first metal in composition,- a conductive porous layer formed 
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on a surface of the metal layer, the conductive porous layer being 
mad, up of a plurality of conductive particles which are fusion-bonded 
to each other; and an oxide film formed on parts of the surface o, 
the metal layer that do not co. e into contact with the conductive 
5 particles, the oxide film having a higher corrosion resistance than 
the substrate. Therefore, the separator has high conductivity since 
its metal layer is provided in direct contact withconductive particles . 
Also, the separator has high corrosion resistance because of the o*ide 

layer. 
10 [0064] 

X manufacturing method for a fuel cell separator according to 
thepresentinventionisamanufacturingmethodforafuelcellseparator 

having a metal substrate , compr i S ing , a metal layer forming step for 
forming a metal layer on a surface of the substrate, the metal layer 
,5 serving as an oxide film that has a higher corrosion resistance than 
th e substrate; a conductive layer forming step for forming a porous 
conductive layer on a surface of the metal layer, the porous conductive 
layer being made up of a plurality of conductive particles which are 
fusion-bonded to each other, the plurality of conductive particles 
20 having a higher conductivity than the substrate; an oxidizing step 
for oxidizing exposed parts of the surfaces of the metal layer and 
the conductive particles; and a removing step for removing oxides 
from the exposed parts of the surfaces of the conductive particles. 
Therefore, a separator having high conductivity and high corrosion 
25 resistance can be manufactured. 
[0065] 

Also, with use of the above-described separator, the fuel cells 
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according to the present invention suffer less electric voltage loss 
and operate longer and stably. 
[BRIEF DESCRIPTION OF THE DRAWINGS J 

Fig.l is a perspective exploded view showing the main part of 
5 a polymer electrolyte fuel cell to which an embodiment of the invention 
relates ; 

Fig. 2 is a sectional view of a separator facing an anode of the 
fuel cell; 

Fig - 3 is an enlarged sectional view of the surface of the separator 

10 facing the anode of the fuel cell; 

Fig. 4 shows how to manufacture the anode-side separator; 
Fig. 5 shows how to measure contact resistance of an evaluation 

separator; 

Fig . 6 is a perspective view showing an example shape of a separator ; 

15 and 

Fig. 7 is an enlarged cross -sectional view of a conventional 
separator. 

[DESCRIPTION OF CHARACTERS] 
20 10 cell unit 

20 cell 

21 solid polymer film 

22 anode 

23 cathode 

25 30 anode-side separator 
3 0a anode -side channels 
30b anode -side ribs 
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31 substrate 

32 intermediate Layer 

3 3 conductive layer 

34 inner surfaces of anode-side channels 
5 35 upper surfaces of anode-side ribs 

4 0 cathode- side separator 
40a cathode -side channels 
40b cathode -side ribs 

321 metal layer 
10 322. 331 oxide layers 
3 30 conductive particles 
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[DOCUMENT] Abstract 
[SUMMARY] 

[AIM] To achieve a fuel cell separator which has a metal substrate 
and offers a high corrosion resistance and conductivity. 

5 [MEANS TO ACHIEVE THE AIM] The separator has a metal layer 321 

on the surface of the substrate 31 made of stainless steel, and a 
conductive layer 33 on top of the metal layer 321. The conductive 
layer 33 is made up of conductive particles 330 which are fusion-bonded 
to each other and exhibit excellent conductivity. The separator also 

10 has a highly corrosion-resisting oxide layer 322 which covers exposed 
parts of the metal layer 321, the parts where the metal layer 321 
is not covered with the conductive particles 330. 
[SELECTED FIGURE] Fig. 3 
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